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[57] ABSTRACT 

A cable comprises at least one layer of strands (10) with 
each strand covered with an individual sheath (20) of 
rubber or plastics material. The sheaths are so shaped 
(16, 17, 18) that the sheaths of adjacent strands inter- 
lock. This provides a layer in which the strands have a 
generally fixed spatial relationship both to each other 
and within the cable. This reduces inter-strand forces, 
so increasing cable life, and also provides a dimension- 
ally stable cable. 
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[57] ABSTRACT 

A method for producing a sector conductor for electric 
power cables is introduced, whereby a Dumber of metal 
wires are joined closely together into a core (8) with a 
sector-shaped cross section. A lengthwise running metal 
strip is formed around the core (8) and its longitudinally 
abutting edges are welded into a tube (9), whose dimensions 
are reduced so that it lies closely against the core (8) and 
surrounds it, 

5 Claims, 1 Drawing Sheet 
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[57] ABSTRACT 

A sector cable comprising a plurality of wedge- 
shaped, segments, composed of a plurality of com- 
pacted and twisted wire strands, arranged with side 
walls abutting and with the point of each wedge di- 
rected toward, but spaced from, the central axis of the 
cable, at least alternate segments covered on the exte- 
rior with an insulation covering comprising at least 
two layers of an extensible, flexible, and dense, un- 
creped paper, the insulated and uninsulated segments 
being so spaced in relation to each other that the side 
wall of any uninsulated segment does not abut the side 
wall of any other uninsulated segment. 

3 Claims, 3 Drawing Figures 
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(54) ELECTR] 
(71) We, Kabel- und Metallwerke 

GUTEHOFFNUNGSHUTTE AiCTIENGESELL- 

schaft, a body corporate organised under 
the laws of Germany, of 271, Vahrenwalder 
5 Strasse, Hannover, Germany, do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the 

10 following statement: — 

The invention relates to an electrical 
power cable. 

Known low tension power cables com- 
prise a plurality of plastics material in- 

15 sulated conductors each consisting of a 
plurality of compressed aluminium cores, the 
conductors being of either circular or sector- 
shaped cross-section. In cables of this kind 
damage to the insulation may remain un- 

20 detected for a long time if a short-circuit is 
not caused at the instant when the damage 
occurs, since, in contrast to paper insulated 
cables, plastics material insulation is not 
sensitive to moisture, so that even if a con- 

25 ductor is exposed by any damage, break- 
down of the cable does not necessarily re- 
sult 

If the conductors of a damaged cable are 
of copper, the cable installation is not neces- 

30 sarily endangered by the damage. An ex- 
posed aluminium conductor, however, cor- 
rodes in the course of time, until finally the 
conductor breaks. If the conductor is a 
phase conductor, the current path is inter- 

35 rupted and the damage becomes noticeable 
through loss of current. If, however, the 
conductor broken by corrosion is serving as 
the protective conductor, the breakage will 
not at first be noticed. Only when the pro- 

40 tective conductor is needed, for example on 
occurence of an insulation fault in an ap- 
pliance connected to the cable, is the damage 
discovered. Hence, the cable installation can 
remain not electrically isolated for some 

45 time, so that persons coming into contact 
with the installation are in danger. 
It has already been attempted to prevent 
[Price 3Sp] 



2AL CABLE 

corrosion of multi-core aluminium con- 
ductors in low tension electrical cables by 
treating the cores forming the conductor by 
impregnating the surfaces thereof next to 50 
the surrounding plastics material insulation 
with a corrosion-inhibiting, adhering wax- 
like composition which is not liable to crack. 
Apart from the fact that the application of 
such a composition constitutes an additional 55 
operation during manufacture of the cable, 
the composition does not always meet the 
demands made on it, particularly as there 
is a constant risk that it may be rubbed off, 
even during manufacture. " 60 

According to the invention there is pro- 
vided an electrical power cable comprising a 
plurality of conductors at least one of which 
consists of a plurality of compressed alumi- 
nium cores each individually covered with a 65 
layer of a metallic material, which material 
has a higher resistance to corrosion than 
the aluminium of said cores, the covered 
cores of the or each such conductor being 
contained in an individual sheath of electric- 70 
ally insulating plastics material. 

With the cable of the invention a covering 
layer covers each core of the conductor in- 
dividually, and thus prevents the propagation 
of local corrosion phenomena, from one 75 
core to neighbouring cores. Cables accord- 
ing to the invention can, without difficulty, 
be manufactured with existing manufactur- 
ing equipment, since the construction of the 
cables is no different to the construction of 80 
an ordinary cable. Moreover, ordinary com- 
mercial terminals and connectors can be 
used on the cable of the invention, so that 
no installation difficulties arise. Preferably 
said covering layers are of copper. Each of 85 
the covering layers can consist of a thin 
copper strip formed into a tube and welded 
at the edges. 

Preferably all the conductors are contained 
in a common sheath of electrically insulating 90 
plastics material. 

Two embodiments of cable according to 
the invention will now be described by way 
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(54) A high-current cable for 

medium -frequency three-phase current 

(57) A high-current cable for medium- 



frequency three-phase current has six 
phase conductors 64 to 14 of the same 
cross-sectional area and shape sym- 
metrically arranged around a cable core 
2 and a null or protective conductor 20 
surrounding the phase conductors. In a 
cable of this kind the loop impedance is 
significantly decreased relative to a 
cable having a null or protective con- 
ductor situated at the centre of the 
cable. Alternatively the phase conduc- 
tors may be sector shape in cross- 
section (Figure 2 not shown) give to a 
further decrease in the loop impedance 
phase against phase and to decrease 
the external diameter of the cable for 
the same conductor cross-sectional 
area and, as a result of this, to increase 
in flexibility of the cable. The conduc- 
tors 4 to 14 may be enamel-insulated 
conducting strands and the outer 
sheath 40 corrugated copper. The core 
2 may be solid or stranded plastics. 
Diametrically opposed conductors are 
connected to the same phase. 
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SPECIFICATION 

A high current mains for medium frequency three 
phase current and a high current cable for medium 
5 frequency three phase current. 

The invention relates to a high current mains for 
medium frequency three phase current where a 
mains cable has six phase conductors of the same 

10 cross-sectional area and shape arranged symmetric- 
ally around the core of the cable, two of the said 
conductors, situated diametrically opposite each 
other, being for each phase connected together at 
the ends of the cable as the conductor for that phase 

15 and the mains cable having a null or protective 
conductor arranged symmetrically with respect to 
the phase conductors. The invention also relates to a 
high current cable for carrying medium frequency 
three phase current having six phase conductors of 

20 the same cross-sectional area and shape arranged 
symmetrically around the cable core and having a 
null or protective conductor situated symmetrically 
with respect to said phase conductors. 
A known mains cable of the type referred to is 

25 described in our Patent Application No. 80300584 
(Specification No. 2059670A) for medium frequency 
three phase current, in particular a mains supply 
having a frequency of 400 Hz or over. This known 
cable has a null or protective conductor arranged at 

30 the centre of the cable around which the six phase 
conductors are arranged symmetrically and, in parti- 
cular, in a stranded arrangement. Mains cables of 
this type are characterised by low losses, high load 
capacity because of large surface area, low stray 

35 field, low inductance and a symmetrical construc- 
tion. 

It is an object of the invention, for high current 
cables of the type described in the opening para- 
graph hereof, to decrease further the losses and in 
40 particular to decrease the loop impedance, particu- 
larly the impedance between the phase and the null 
conductors. 

This object is solved according to the invention by 
providing a cable in which the null or protective 

45 conductor surrounds the phase conductors as an 
external conductor concentric with the core. The 
loop impedance of such a cable between the phase 
conductors and the null or protective conductor is 
significantly reduced. 

50 A further improvement with respect to a cable in 
accordance with the invention is that instead of the 
cable having phase conductors of circular cross- 
section, the cable has phase conductors which are 
substantially sector shape in cross-section. In a cable 

55 having sector-shaped phase conductors the loop 
impedance, phase against phase, is approximately 
1 5% less than that obtained with the use of conduc- 
tors of circular cross-section. 
The cable having phase conductors has the addi- 

60 tional advantage of a smaller diameter for the same 
predeterminedj;opper cross-section. The cable is 

thus more flexible. 

The design of the null or protective conductor as 
an external conductor has, in addition, the known 
65 advantage that in mechanical stresses this conduc- 



tor makes contact with the exterior before contact 
with the phase conductors has occured. Three phase 
current cables having a null or protective conductor 
designed as an external conductor are, in them- 

70 selves, known as NYCY-cables in which the three 
phase conductors are arranged at equal distances 
from one another. Such a cable is, however, not 
suitable forthe transmission of medium frequency 
three phase current since, in this case, there is a very 

75 high decrease in reactive voltage and with large 
cross-sections very high transmission losses. 

Cables in accordance with the invention are illus- 
trated in the accompanying drawings in two embodi- 
ments and are described in more detail in the 

80 following with reference to the drawings. In the 
drawings, 

Figure 1 is a cross-section through a cable having 
circular conductors, and 
Figure 2 is cross-section through a cable having 

85 conductors in the form of sectors. 

The cable illustrated in the Figure 1 has six phase 
conductors 4, 6 8, 10, 1 2 and 14 which are arranged 
symmetrically around the core of the cable. The 
cable core 2 has a circular profile and may, for 
90 example, be either formed from solid synthetic 

plastics material or from individual strands of synth- 
etic plastics material. 

The phase conductors 4, 6, 8, 10, 12 and 14 are 
constructed in the usual way from stranded indi- 
95 vidual wires. In the illustrated cable the individual 
wires are, preferably, separately insulated. Wires 
insulated with enamel are preferably used as the 
individual wires. The current displacement or skin 
effect is kept low by insulating the individual wires 

100 separately. 

The complete phase conductors 4, 6, 8, 10, 12 and 
14 are each surrounded by an insulating material 
and are designed as circular conductors. The phase 
conductors are embedded in an insulating mass 18. 

105 An external conductor 20, consisting of separate 
wires, is provided externally around the assembly of 
phase conductors 4, 6, 8, 10, 12 and 14 and is 
provided on its outer peripheral surface with a 
non-conducting coating or shield 16 which conve- 

1 10 niently consists of synthetic plastics material and 
which gives protection against damp and mechanic- 
al damage. The external conductor 20 preferably 
consists of copper. It may be designed, in a known 
manner, as a corrugated copper casing. 

115 Cables of this type described herein may have 
conductor cross-sections of up to 250 mm 2 . In high 
current mains for medium frequency three phase 
current two diametrically-opposite phase conduc- 
tors, thus conductors 4 and 1 0, 6 and 1 2 and 8 and 1 4 

120 are, in each case, connected in parallel so that each 
of the phases R, S and T has two individual 
conductors arranged symmetrically diametrically- 
opposite one another. These conductors are in each 
case connected together at the ends of the cable. 

125 In the cable shown in Figure 2 the six phase 
conductors 24, 26, 28, 30, 32 and 34 are each 
designed to have a cross-sectional shape in the form 
of a sector. In this way it is possible to reduce the 
external diameter of the six phase conductors for ^ 

130 equal copper cross-sectional area as compared with 
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that produced fay the use of circular conductors. The 
individual conductors of sector form are provided 
with external insulation. Any remaining hollow 
.spaces are filled with an insulating mass. At the least 
* 5 a layer 38 of an insulating mass is mounted extern a l- 
Jy around the conductors of sector form, on or in 
which the external casing 40 is arranged. In this case 
again the casing 40 consists of copper and is 
conveniently designed as a corrugated copper cas- 

10 ing. The cable is provided externally with a non- 
conducting annular coating or shield 36 as a protec- 
tion against moisture and mechanical damage. 

in comparison with the cable shown in Figure 1 , 
the cable shown in Figure 2 has the advantage of a 

15 smaller external cross-section forthe same cross- 
sectional area of conductors and is thus more 
flexible so that it is easier to Jay. In addition the cable 
having conductors of sector form has a very low 
impedance, phase against phase- The Jdop impe- 

20 dance is approximate iy 15% lower than in the 
embodiment shown in Figure 1- In thB cable shown 
in Figure 2, -when in use in high current mains, 
diametrically-opposite conductors which respective- 
ly represent the phases R, Sand T are connected 

25 together at the cable ends, for each phase. 

CLAIMS 

3. A high-currentmainsfor medium frequency 
30 threB phase currant in which the mains cable has six 
phase conductors of the same cros-sectional area 
and shape and symmetrically arranged around the 
cable core, of which two diametricaiiy-opposite 
conductors are, for 'each phase, connected together 
35 at the ends of the cable as the conductor for that 
phase and in which the mains ca ble has a nul I or 
•protective conductor arranged symmetrically with 
respect-to the phase conductors and su rrounding the 
phase conductors as an external conductor concen- 
4Q tiiiEW-fththe core. 

& A :frigh cu rrent mains according to C-la i m 1 1 in 
which the phase conductors of the mains cable are in 
oross-^sectirjn of substantial lysector shape. 

3. AMgh snrxent cable for three phase current 
45 .mains of medium frequency, having six p hase 

conductors of th& same cross-sectional area and 
shape.and symmetrically arranged around a cable 
core and a null -or protective conductor situated 
symmetrically with respect to said phase conductors 
50 and surrounding the phase conductors as an exter- 
nal conductor concentric with the core. 

4. A.cahleaccording to Glaim.3, in which thesix 
phase conductors ar^ in cross^section of substantial- 
ly sector shape. 

55 5. A cable according to Claim 3 or 4, in which 
sadh =priase conductor is .formed from a plu rality of 
.individual wires, -Bach being covered by insulation. 

6. AcahlBac.co.rdi ng .to CI ai m 5, in which the 
•individual wires are insulated by means of an 

<6Q -finamal coating, 

7 . :A«cable axxording to any one of CI aims 3-6 in 
which the null or protective conductor is a corru- 
gated tuba lar-casing, 

8. Aoabie according to any one of Claims 3-7 in 
65 which the null or protective conductor is enclosed 



within an outer non-conducting coating or shield. 

9. A high current cable for three phase current 
mains of medium frequency constructed and 
arranged substantially as described herein with 
70 reference to Figure 1 or 2 of the accompanying 
drawings. 
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(71) We, Delta Enfield Cables 
Limited, formerly Enfield-Standard Power 
Cables Limited, of Millmarsh Lane, Briras- 
down, Enfield, Middlesex, a British Com- 

5 pany, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

10 The invention relates to low voltage cables 
designed to operate at phase-to-phase volt- 
ages of up to 1000 volts in so-called pro- 
tective multiple earthing (PME) systems in 
which the neutral conductor is also used 

1 5 as an earth continuity. 

In such cables, the conventional four core 
arrangement may be replaced by an ar- 
rangement consisting of three cores enclosed 
within either a single concentric neutral con- 

20 ductor in the form of a metallic sheath, or 
within multi-enveloped neutral conductors 
or wires as in the case of an armour, over 
the insulated cores. The form of concentric 
neutral conductor will depend on the type 

25 of insulating material used for the phase 
conductors. The neutral conductor is pro- 
tected by an outer sheath. 

For such cables to be employed in a PME 
system, it is necessary to satisfy the follow- 

30 ing requirements: 

(a) Conductivity of the neutral con- 
ductor or conductors should preferably 
be the same, and in any case must net 

35 be less than 50% of that of the phase 
conductor. 

(b) The integrity and continuity of the 
neutral conductor must be preserved. 

(c) The cable design must be such as 
40 to permit easy connection to a service 

cable without severing the phase and 
neutral conductors when the cable is elec- 
trically alive, and 

(d) Accessibility and easy identirlca- 
45 tion of phase conductors must be pro- 
vided for. 

The present invention in its preferred 
form provides a multi-core enveloped- 

\Price 25p] 



neutral-type low voltage electric cable for 50 
PME systems which meets the above con- 
ditions whilst being of compact construc- 
tion. 

According to the present invention, there 
is provided an envelope-neutral type, low- 55 
voltage electric cable comprising three in- 
dividually insulated phase conductors of 
diamond-shaped cross -section having two 
opposite angles of 60° and two opposite 
angles of 120° each, which are laid up helic- 60 
ally so that their combined cross-section 
throughout the length of the cable is hexa- 
gonal, six neutral conductors laid up helic- 
ally with the same pitch as the phase con- 
ductors and arranged in pairs with the 65 
neutral conductors of each pair lying respec- 
tively against the two outwardly facing sur- 
faces of a corresponding one of the insu- 
lated phase conductors, a winding of metal 
tape applied around the assembly consti- 70 
tuted by the phase conductors and the neu- 
tral conductors and in electric contact with 
at least four of said neutral conductors 
throughout the length of the cable and a 
sheath of flexible electrically insulating ma- 75 
terial enclosing the said assembly and the 
tape applied around it. 

Each of the neutral conductors preferably 
has, on that side thereof which is applied 
against an outwardly facing surface of the 80 
corresponding phase conductor, a flat sur- 
face of substantially the same width as the 
said outwardly facing surface and, on the 
opposite side, a part-cylindrical surface the 
centre-line of which is co-axial with the 85 
centre-line of the cable. Consequently the 
assembly around which the metal tape is 
wound has a cylindrical outer surface. 

The phase conductors, the neutral con- 
ductors and the metal tape may be of 90 
aluminium, while the insulation around each 
phase conductor and the external sheath 
may consist of an elastomeric plastics or 
other like material. 

To facilitate phase identification, one con- 95 
ductor of each pair of neutral conductors 
corresponding to two of the phase conduc- 
tors may be individually coloured with a 
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corrosion-inhibiting paint, in which case the 
insulation of all three phase conductors can 
be of the same colour, e.g. black. 

The metal tape, which may be helically 
5 wound over the six neutral conductors with 
a small gap between successive turns, may 
serve not only for providing electrical con- 
nection between all six, or at least four of 
the neutral conductors if the other two are 
10 coloured with a corrosion-inhibiting paint, 
but also for providing mechanical protec- 
tion. 

The construction of the cable according 
to this invention also has the advantage that 
15 the phase conductors are readily accessible 
without the need for severing the neutral 
conductors. 

Furthermore, the three phase conductors 
and the six neutral conductors of this cable 
20 are laid up to give most effective utilisation 
of the space inside a circular cable. 

Finally, with six separate neutral conduc- 
tors as described above, the integrity and 
continuous earthing of the whole system is 
25 preserved. 

The invention will now be described by 
way of example with reference to the ac- 
companying drawing which shows a cross- 
section of a preferred form of the cable 
30 according to this invention. 

Referring to the drawing, the cable shown 
is a three-phase cable having phase conduc- 
tors 1, 2 and 3 of diamond-shaped cross- 
section. The phase conductors 1, 2, and 3 
35 which are made of solid aluminium, corres- 
pond respectively to the three phases. All 
three conductors are provided with insula- 
tion as shown at 4. The combined cross- 
section of the three phase conductors is sub- 
40 stantially hexagonal. Three pairs of neutral 
conductors 1 A IB, 2A 2B, and 3A 3B, which 
are also made of solid aluminium, corres- 
pond respectively to the three phases along 
the whole length as they are wound with the 
45 same pitch of lay as the phase conductors. 
Any one of the two neutral conductors of 
any two of the three phases may be coloured, 
e.g. painted with a corrosion-resistant 
coloured paint, for identification of the cor- 
50 responding phase conductors. 

The three phase conductors and the 
six neutral conductors are laid up 
with a suitable pitch (for example 
1.3m) and assembled by. means of 
55 a helically wound aluminium tape 5 so as 
to ensure continuous mechanical and elec- 
trical protection. 

An outer sheath 6 of a plastics or elasto- 
meric material is provided around the cable. 
60 In order to niake a service branch or T- 
joint from any of the phase conductors 1, 
2 or 3 of the cable, owing to the choice of 
pitch during laying-up, it is easy to displace 
the two neutral conductors from the phase 



conductors over a certain length without 65 
severing them. Owing to the fact that there 
are six neutral conductors continuity may be 
preserved even if one or two neutral con- 
ductors were severed. It is also easy to 
identify the phase required. The phase con- 70 
ductor may then be exposed as necessary 
to make the T-joint. 

WHAT WE CLAIM IS; — 

75 

1. An enveloped-neutral type, low volt- 
age electric cable comprising three indivi- 
dually insulated phase conductors of dia- 
mond-shaped cross-section having two op- 
posite angles of 60° and two opposite angles 80 
of 120° each, which are laid up helically so 
that their combined cross-section through- 
out the length of the cable is hexagonal, six 
neutral conductors laid of helically with 

the same pitch as the phase conductors and 85 
arranged in pairs with the neutral conduc- 
tors of each pair lying respectively against 
the two outwardly facing surfaces of a cor- 
responding one of the insulated phase con- 
ductors, a winding of metal tape applied 90 
around the assembly constituted by the 
phase conductors and the neutral conduc- 
tors and in electric contact with at least 
four of said neutral conductors throughout 
the length of the cable and a sheath of 95 
flexible electrically insulating material en- 
closing the said assembly and the tape ap- 
plied around it. 

2. A cable as claimed in claim 1 where- 
in each of the neutral conductors has, on 100 
that side thereof which is applied against 

an outwardly facing surface of the corres- 
ponding phase conductor, a flat surface of 
substantially the same width as the said out- 
wardly facing surface and, on the opposite 105 
side, a part-cylindrical surface the centre- 
line of which is co-axial with the centre-line 
of the cable. 

3. A cable as claimed in any of the pre- 
ceding claims in which the phase conductors, 1 10 
the neutral conductors and the metal tape 

are of aluminium. 

4. A cable as claimed in any of the pre- 
ceding claims, in which the insulation 
around each phase conductor and the ex- 115 
ternal sheath are of an elastomeric plastics 
material. 

5. A cable as claimed in any of the pre- 
ceding claims in which one conductor of 
each pair of neutral conductors correspond- 120 
ing to two of the phase conductors is in- 
dividually coloured with a corrosion-inhibit- 
ing paint for phase identification. 

6. A cable as claimed in any of the pre- 
ceding claims in which the metal tape is 125 
helically wound over the six neutral con- 
ductors with a small gap between succes- 
sive turns. 
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7. An enveloped-neutral type, low- 
voltage electric cable substantially as here- 
inbefore described with reference to and as 
illustrated in. the accompanying drawing. 
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Mathematical models for design of profile conductor constructions 

WU Zhrhong 

(Huangshi Cable Group Co. Ltd, Huangshi 435000, Hubci Province) 
Abstract This article p resen tsm alheni at ical models for design ofmultplc conductor constnictbns consisting 
of son i-circlc conductors, sector-shaped conductors and segment conductors and their com binatbns using BA - 
SC programm ing and Newton iteratbn. A software pack called op tin ized design of profile conductor con- 
struct™ was developed, which was welcome by p rocess engineers for easy use, p iciurc/chart descrp ton and 
fast design 
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